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OPERATING STRESSES IN AIRCRAFT-XENGINE CRANKSHAFTS
AND CONNHCTING RODS
I - SLIP-RING AND BRUSH COMBINATIONS FOR
DYNAMIC-STRAIR MEASUREMENTS

By Francls J., Dutee, Franklyn W. Phillips
and Richard H, Kemp

SUMMARY

Teats were conducted to develop a slip~ring and brush system
that will perform satisfactorily in aircraft-engine, dynamic-strain-
measuring applications where resistance-wire strain gages are the
means of measuring the strain and to correlate the dsta obtalned
from tests in order to provide a basis for predicting the per-
formance of simlilar slip-ring and brush systems operating under
conditions similar to those imnosed by these teste.

A total of 24 combinations of slip-ring and brush materials
vere tested dry and 8 of these combinationes were =lso tested in oll.
Teste were run in oll becanse in some dynamic-stiraln-measurling ap—
plications, such as thcse within engine crankcases, oll i1s on the
slilding contacts.

Test results of the slip-ring and brush combinations rated as
the most practicable for use in circuits to measure dynamic strain
are ag follows:
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Material combination Brusgh pressure required for
satisfactory operation dry
(1b/sq in.)

Plate-brags slip rings and silver- 90
graphite brushes
Monel-metel slip rings and silver-

graphite brushes 95
Inconel slip rings and silver-

grephite bruskes 100
Shim-brase slip ringe and silver-

grephite Hrusres 95
Silver-pluted sliv rings and soft-~

carbon brushes 95

The only combination to operate satlsfactorily in oil was the
shim-bress sliv ringus (Vickere harduees number, 150) and the
silver—-graphlte brushes; a brush pressure of 175 pounds per
square inch was rsqulred, DNone of tkhe foregoing combinations
showed excessive wear when tested dry and the ghim-brass slilp
rings operated in oil from 5 to 10 hours wlthout undue wear.

The results of these tests were utilized in the design of
& Bliv-ring and brush system thet performed saitlsfactorily in a
cranksheft and connecting-rod stress-measuring aonlication,

INTRCDUCTION

The investigetion reported herein was made at the NACA
Cleveland laboratory at the request of the Army Air Forces, Alr
.Technical Service Command, and is ypart of a program to develop
instrumentation for use in determining actual operating stresses
in rotating-shaft syetems such as alrcraft-engine crankshafts
and connecting rods. Wnere resistence-wlrs straln gages are used
to measure dynamic strains, & means of comminication between the
strain gages end the instruments recording the stralns ls necessary.
Slip rings and brushes, or some other type of sllding contact,
are most commonly used as a means of communication.

Considersble research has been done on the phenomena of
sliding contacts used to tranemlt electric powser, as in the case
of electric motors. The resulte of this previous work have proved
of little practical value insofar as systems for measuring dynamic
strain are concerned, becsuse straln-measuring systems transmlt
only a srall amount of electric vower. ~Furthermore, slip rings
and brushes ¢a electric motors are designed to have & low voltage
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drop and relatively little attention 1s glven to the varlations 1n
the drop, A good sllp~ring system for measuring dynamic stralns can
have .en.appreclable .voltage drop,..tut 1t 1s important that the drep
remain constant wlthin very close limlta.

The obJects of the present investigation were therefore (1)
the development of & alip-ring aad brush system through which a small
amount of electric power could be transmitted and in which the contact-~
resistance change batween the slip rings and brushes would remsln emall
enough that the straln signal would not bde obscured by variations of
voltage drov through the slip rings and trushes; (2) the correlation
of data from tests of ellp rings and brushes in order to provide a
basis for predlcting the performance of aimilar gystems operating under
gimilaer conditions.

Tests were run on 24 combinations of elip-ring and brush mate-
rials operating dry enl 8 of these combinations operating in oil,
Tests were run in 0ll because in some applications of dynamic-strain
measurements o0ll 1s on the sliding contacts as, for example, within
an englne crankcace. Slip-ring speed and brush pressure were varled
to determine the uvperating characteristics at several conditions. Wear
tests were run on one combination in o1l and wear characteristics were
noted throughout all the other tests. The results are given in the
form of tables and graphs, which can be of assistance in the design of
slmilar systems. BReference is made to the performance of alrcraft-
engline, dynamic-straln-measuring applicatlions that are the result of
these tests.

APPARATUS
Slip-Ring and Brush Teasting Machine

The equipment shown in figure 1 was depigned to test combinations
of slip-ring and brush materials both dry and wet with oil and at
various slip-ring speeds and brush pressures. All the slip rings
tested were of the axlal type; thet is, the eliding—-contact surfaces
wvere perpendlcular to the slip-ring axes of rotation.

Iwo different types of construction were used on the slip rings.
In one tyve of essembly, the slip rings were made of sEim brasi 0.016
inch thick and 3/8 inch wide, with mean diameters of l_ )

2

6 inches. A phenolic resin cement wee used to attach these four thin
rings to a steel disk 1/U4 inch thick and 7 inches in dlameter. The
second type of comstruction used slip rings that were digks 1/4 inch
thick and 7 inches in diaméter made of the slip-ring materials being

tested. These slip rings, or "ring plates," were bolted to face
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nlates on elther end of the shaft of the testing machine (fig. 1).
The ring plate on one endi of the ghaft of the testling machine was
housed to provide for operation of the slip rings in oll. As the
ring plate rotated, it dipped into an 01l bath in the bottom of the
housing in such a way that oil wes coplously splashed on the slip
rings during operation. A variable-speed drive was used to rotate
the slip rings At speeds from 500 to 3000 rpm,

The brushes were 1/8 inch in dlameter and 9/16 inch in length
end thelr longitudinal exes were parallel to the axis of slip-ring
rotation. Callbrated springs were used in adjustadle dbrush holders
to provide brush pressures from 12 to 400 pounds per square inch.
The brush holdere were so spaced that the_ brushee_comld be operated
on any one of four slip-ring dlameters, 11 , 3, 41, or 6 inches.

2 2

The slip-ring and brush materiele tested are llsted in tables
I and 1I,

Signal Generator

Signals of various ampllitudes were generated by resistance-wire
strain gages of H50C-ohm and 1000-ohm resiastance wlith a strain-
sensitivlity factor of approximately 2.15, These strailn geges were
mounted on a steel cantilever beam that was subjected to a bending
stress at a frequency of 1000 cycles ~er mimute. The signel thus
generated closely resembled a sine wave, The stress ranges applied
to the 500-ohm and the 1N00-ohm gages were 12,000 and 8300 pounds
per square inch, respectively.

Instrumentation

The circuite shown in figure 2 were so interconnected that elther
the Wheatstone~bridge circult or the potentiometer circult could be
used depending on the position of a selector switch,

Wheatstone~bridge circuit. - The slip rings and brushes at the
ends of the testing-machine shaft could be placed in series with the
battery circult or shorted out of the battery circuit. In a dynamic-
strain-measuring application, where all the arms of the bridge would
be ettached to the rotating pert under test, slip rings and brushes
would have to be used in the amplifier-oscilloscope circult in addi-
tlon to those 1n the battery circuit. In these tests, however, 1t
was consldered unnecessary to test the sliding contacts in the
amplifier-osclilloscope circult because the varylng contact resist-
ance of the sllip rings and brushes was negligible when compared with




NACA MR Ro. ESC30 5

the 500,000-olm total impedance of the amplifier-oscilloscope cir-
cult. Tests with sliding contacte In both circuits verified this
assumptilon. . . e e e .-

The amplifier-oscilloscope clrcuilt of a Wheatstone bridge is
affected by slip-ring and brush interference even when the bridge is
in resistance balance. This interference is due to the effect of the
rapidly changing volteges and currcnts applied by the slip rings and
brushes and is a function of all the capacitances, inductances, and
resistancass in the entire cilrcuit. Tho bridge could be sc balanced
for onme frequency that a sinusoldel change of resistance in the bat-
tery clrcuit would not affect the oscilloscope. A condition wes
never found, however, that would eliminate the slip-ring and brush
Interference because this interference 1ncludes & wide band of
frequenciles.

An improvement in the system could ho effected by employing a
filter in the battery circult, but filters were not used in this
investigation because they would have partly obscured the comparison
of performence between the various types of alip ring. The use of a
filter in the emplifier-oecilloscupe circult would not be desirablc
becaunse 1t would eliminate components of the strain signal as well
an the interfersnce ilntroduced by the slip rings and brushes.

Potentiometer circult. - The slip rings and brushes at the eonds
of the testing-machine shaft could be elther placed in peries with
the battery and the strain gage or shorted out of the circuit. A
cambination electronlc voltmeter and amplifier served as a means of
calibrating the cathode-ray oscilloscope and also of preamplifying
the strain-gage signals or the aignals generated by the varying
voltage drop across the sliding contacts.

In the potentiometer circuit, a change in resistance through
the sliding contacts had exactly the seme effect on the recording
Instruments as a similar change in resistance of the strain gage.
For this reason, recording instruments in thoe poteaticmeter circuit
vere more sgensitive to changes In sliding-contact resistance than
recording instruments in the Wheatstone-bridge circuit, az wes shown
by tests of these two circuits under the same conditions.

TEST PROCEDURE
Determination of Minimum Brush Pressure for Satisfactory Pexformance
The purpose of the flrst set of tests was to determine the mini-

mm brush pressurs st which a given slip-ring and brush comblnation
wvould perform satisfactorily. Batlafactcry performance was dofined
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as the condition of operation in which no difference was apparent
between the signels when the slip rings and brushes were 1ln the
circult and when they were shorted out of the circult,

Four brushes on the same slip-ring diameter were placed in
the battery circult of the Wneatstone bridge shown in figure 2(a).
Two of the brushes connected in parellel conducted the current lnto
the plip rings and two of the brushes connected in parallel con-
ducted the current out of the slip rings. The signal was generated
by a strain gage of 1000-ohm resistance mounted on the steel canti-
lever beam at a point where the maximum alternating stress was
8300 pounds per squere inch, The sirain-gage current was main-
talned between 20 and 25 milllamveres.

At the beginning of a teet the sllip rings and brushes were
cleaned with acetone and their mating surfaces were polished. The
setup was then gliven a l-hour run-in with the slip rings rotating
&t 100N rpm and the brush pressure at approximately 60 percent of
that required for satisfactory operation. This run-in perlod
allowed the film conditions of the brushes and slip rings to ap—
proach equilibrium,

Following the run-in period, the brush pressure was reduced
to 12 pounds per square ingh, the slip-ring speed was increased to
2370 rom, and the slip ring was run for 15 minutes. If at the end
of that time the trace observed on the oscilloscope screen was
unsatisfactory, the brush pressure was increased and the slip ring
was agaein allowed to run for 15 minutes, Thus, while the slip-ring
speed remained ccnetant, the brush pressure was lncreased until a
point wes reached at which the trace wes satisfactory. This brush
pressure was recorded as the minimum allowable for satisfactory
slgnal transmission. The foregoing procedure was repeated for each
slip-ring diemeter and for each of the 24 combinations tested dry
(table I) and the 8 combinations tested in oil (table II). The
data obtained are shown in these tables. The 0ll used in these
tests (SAB 60) was maintained at & temperature of approximately
1500 F ®

Five of the combinations listed in table I were considered
moet practicable for use in clrcults to measure dynamic straln;
these combinatione were tested to determine thelr minimum brush
-resgure for satisfactory operation at slip-ring speeds of 500,
100, 2000, and 3000 rpm. The testing procedure was the same as
the one previcusly described except that the straln-gege resist-
ance was H0C ohms, the stress at the point where the strein geage
was attached to the steel cantilever beam was 12,000 pounds per
square inch, and the gtrein-gage current was maintained between
35 end 40 milliamperes.
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Contact-Reelstance Change

The glip-~ring and brush contact-reslstance change of the flve
combinations mertioned in-the preceding paragrrph was measured as
followsg:

The oecilloscovne was calibrated in the potentiometer circult
(fig. 2(b)) by connecting the electronic voltmeter across an oper-
ating etrain gage and edjusting the strain-gage current until the
gignal amplitude wes equal to 0.00265 volt (rme), as indiceted by
the voltmeter. With the signal amplitvde set at this value, the
volimeter was used as an amplifier and ite output connected to the
oscllloscope. The total signal amplitude as viewed on the oscill-
loscope screen was equal to

0.00265 X 2 ..
0.707 0.0075 volt

The anmplifier-gain controles were so adjusted that the total signal
amplitude wee equal to 1/2 inch, thus fixing the calibration at
0.015 volt per inch.

In order to determine the contact-resistance change, the signal
generator was shut off and the amplifier end the oscilloscope were
connected across the operating slip ringe and brushes. By meens of
the calibration, the magnitude of the varylng voltage drop through
the slip rings and brushes was memsured on the oscilloscope screen,
The high-frequency contect-resistance change AR was calculated by
substltuting the measured values for the current I and the voltage
drop AV in tho oquation.

=AY
AR ="

Wear Tests in Oil

“ear tests were run on shim-brass slip rings and silver-graphite
brushes operating in oil because of the extremely high brush pres—
sures reaulred for satlefactory performance., The slip rings and
brushes were cleaned in acetone, the brush pressures were set suffi-
clently high to give satisfactory operation (150 to 250 1b/eq imn.),
and the slip-ring specd was set at 2370 rpm. The slip rings were
allowed to run continuously except for inspections at regular inter-
vals, The durations of all tests ranged from 6 to 10 hours.
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DISCUSSION OF RESULTS
Operation of Blip Rings and Brushes Dry

The slip-ring and brush combinations tested dry are llsted in
table I together with remerke concerning their operating character-
istics. Many of these combinations were satisfactory in performance
bat the following flve combinations were considered most practicable
for use in circulte to measure dynamic strain:

Plate—~bress slip rings end silver-graphite brushes
Monel-matal slin rings and silver—graphite brushes
Inconel sllp ringe and ellver—graphite brushes
Shim~-brass elip rings and silver—graphlte brushes
Silver-plated slip rings and soft-—carbon brushes

The minimum brush pressures required for satisfectory oneration of
the foregoing combinations are given in figure 3. The remarks on
performance 1n table I and the data in figure 3 are appliceable only
to the Wheatstone-bridge circuit. The figure shows data in terms of
surface speed (ft/min), because slip rings of four diameters were
tested at various speeds of rotation,

If the results of these tests are to be apnlied to similar sllip-
ring and brush systerms, the effect of certain factors on the strain-~
gage slgnal must be considered. The magnitude of the strain-gage
slgnal 1s dependent on the gage current, the gege resistance, the
gage strain-sensitivity factor, and the amount of strain at the point
where the gage 1s mounted, The values that were assigned to each of
these factors for use in this investigetion were arblitrary and arc
not necessarily the same as will be used in cther dynamic-straln
epplications, It should be noted that the ratlio of slip-ring and
brush interference to strain-gage signal varles lnversely as the
gage roeslstance, the gage strain-sensitivity factor, and the range
of strain at the point where the gage is mounted. This same ratio
1g unaffected by changes in gege current. An improvement in the
verformance of a slip-ring and brush system can thus be effected
by increasing the gage reslstance, the sensitivity factor of the
straln gages, or the range of strain.

Pigure 4 shows data taken at various surface speeds in which
a decrease 1n the high-frequency contact-reslstance change was
observed as the brush pressure was increagsed. It 1s apparent from
the trend of the date that the brush pressure is critical and that
to decrease it ruch below the minimum values shown in figure 3 would
greatly increase the amount of interference in the signal.
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It is poesible to determine the performance of a potentiometer
circult from the contact-reslstance change of the slip rings and
brushes becanse the strain gage and the sliding contacts are in
series in the potentiometer circuit. The strain-gage signal and
the slip-ring and brush interferance are dlrectly proportlonal to
the resistance change of the strain gage and the resistance change
of the sliding contacts., If a 500—-ohm straln gage mounted on steel
is subjected to a stress of 10,000 pounds per square inch, the
reslstence change of the straln gage is 0,358 ohm, From the date
in figure 4 (a) 1t can be seen that the lowest value of contact-
reslstance change 1s 0,031 ohm, Thus, for the operating conditlons
glven in figure 4(a), the minirmum ratio of interference to strain-
gage slgnal would be:

0,031
0,358

This retio or interference factor can then be used as a measure of
the performance of the circult; the low r the interference factor
the better the performance obtalned from the system,

= 0,086

There 1e evidence thet filme euch as oxldes form on the sur-
face of slip rings. (See reference 1,) These films are seldom
continuous and therefore they contribute to changes of the contact
resistance. The brushes scrape a part or all of this film from the
slip rings, depending on the brush preasure, and thus at the hlzher
brush pressurea most of the film 1s removed and the contact-
reslstance change ls lowered, The tendency of fllms to form more
easlly on some surfaces than on others ie one of the factors that
distingulsh a poor elip ring from a good one.

The wear~-resistant characteristices of these combinations were
excellent at all the brush pressures used during the tests. The
total running time on any combination did not, however, exceed
6 hours; it was estimated that this amount of time would be suffi-
cient t0 obtein dynamic--straln data from an operating engine part.
A shim-bress sllp ring and silver-graphite brush combination oper—
ated satlsfactorily without excessive wear on a crankshaft and
connecting~rod strain-measuring application for 22 hours.

Operation of Slip Rings and Brushes in 01l

The most significant fact obeserved from the testes run in oil
wag the extremely high brush pressure required for satlsfactory
operation, (See fig. 3 and table II.) Only the shim-bress slip
rings and the silver-graphite brushes were satisfactory under these
condltions, The high brush vressures used in these tests apparently
eliminated the trends observed im figure 4 for dry operation because,
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in all the tests on the shim-brass glip rings and sillver—graphlte
brushes run in o0il, the contact-resistance change remained at an
undetermined high vaiue until a brush pressure was reached at which
the resistance change fell abruptly to a negliglble quantity.

The differernce noted between operation dry and operation in
0il can be explained by the presence of an o0il film on the slip
rings. This oil film remained on the contact surface between the
brushes and slip rings until the brush pressure was sufficiently
high to break 1t down. The breskdown of this film was for all
practicel purposes, instantanscus, after which the brushes made
Dositlive electrical contect with the elip ringe and the contect
resistance became negliglble.

The wear-resistant characterlstics of the materials lnvolved
in operation in o0ll are extremely important because of the high
brush pressure required to break down the lubricating oil film at
the points of sliding contact. Tests conducted at brush pressures
of 200 pounds per square inch and speede of 2370 rpm indicated that
the slip rings could be opersted for 10 hourg without undue wear,
One of these shim-brass slip-ring systems was also installed on an
engine-crankshaeft and connectlng-rod strese-measurement setup where
1% operated for 5 hours before the weer became excessive. It was
found that, 1f these slip rings had a Vickers hardness number of
less than 150 or if the brushes became chipped at their contact
surfaces, prohlbitlive wear might take place in as short a time as
30 minutes. In an effort to eliminate chipped brushes as a cause
of wear, the contrct surfecees of the brushes and slip rings were
polished and the edges of the brushes were rounded to a 1 6li~inch
radius.

SUMMARY COF RESULTS

Tests of 24 combinations of slip-ring and brush meterials oper-
ating dry and 8 of these combinations operating in o0il over a range
of elip-ring speeds and brush pressures geve the following results:

1. The following 5 combinations were considered most practicable
for use in circuits to measure dynemic strain:
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Material combination Brush pressure required for
satisfactory operation dry
(1b/eq in.)

Plate-brass sllp rings and silver- 90

graphite brushes
Monel-metal slip rings and silver- 85

graphlte brushes

Inconel slip rings and sllver- 100

graphlte brushes
Shim-brass slip rings and silver- 95

-graphite brushes
Bilver-plated slip rings and soft- ) 95

carbon brushes

2. The shim-brass slip rings (Vickers hurdness number, 150)
and the sllver-graphite brushes were the ocnly cambination to perfcrm
gatisfactorily in oll; a brueh pressure of 175 pounds per sgquars inch
was required.

3. Thege data may be used tc predict the performance of slip-
ring and brush systems provided that the conditions of operation
surrounding the systems and the straln-measuring clrcuits are similar
to those used in the present tests.

4, An epplication of thse results of the tests cn the shim-trass
8lip rings and the sllver-craphite trushes was mades to the measure-
ment of cperating stresess ln an englne crankshaft and connecting
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rod, The sllp rings operating in oil ran for 5 hourﬁ before they
gtarted to weer emcessively, and the slip rings operating dry ran
for 22 hours without wearlng excessively.

Aircraft Engine Research Laboratory,
National Advieory Committee for Aeronautics,
Cleveland, Ohio, March 30, 1945,

RETERKENCE

1. Baker, B, M,: §liding Contects-Electrical Cheracteristics.
Elec., Eng., vol, 55, no. 1, Jan, 1936, pp. 94-100.
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TABLE I - SLIP-RING AND BRUSH MATERTALS TESTED DRY

[Gege strain-sensitivity factor, 2.15; gage current, 20-25 milli-
amperes; gage resistance, 1000 chms; alternating stress at gage,
8300 1b/sq in.; slip-ring speed, 2370 rpm; tests made with
Wheatstone-brlidge circul

Slip-ring |Vickers | Brush material Porf ormance
material hardness
number

Plate brass 116 Silver graphite®|Good; brueh pressure of
90 1b/sq in. required

Plate brass 116 Copper gra.phiteb Good; brush pressure of
125 1b/sq in. required

Plate brass 1186 Magnesium alloy |Poor; excessive wear of
rings at brush pressure
of 12 1b/sq in.

Plaete brass 116 Aluminum Poor; excesslve wear of
slip rings at brush
pressure of 12 1b/sq in.

Plate brass 116 Sof't carbon Poor; unstable operation
at brush pressure of
175 1b/sq in.

Plate brass, 161 Silver graphite®|Good; brush pressure of
shotblasgted 80 1b/sq in. required
Shim brass 139 Copper graphiteb Good; brush pressure of

150 1b/sq in. required

Shim breass 139 Soft carbon Good; brush pressure of
175 1b/sq in. required

Shim brass 139 Hard carbon Good; brush pressure of
150 1b/sq in. required

Shim brass 150 Silver graphite®|Good; brush pressure of
95 1b/sq in. required

Silver plated Silver graphite®|Poor; unstable and slight
wear of slip rings at
80 1b/sq in.

Silver plated Copper grephiteP|Poor; slight wear of slip
rings at 40 1b/sq in.

Silver plated Soft carbon Good; brush pressure of

! 95 1b/sq in. required

8a11 silver-graphite brushes used in these tests were 60-percent
silver by volume.
bail copper-graphite brushes used in these tests were S50-percent
copper by volume.
National Advisory Cammlttee
for Aeronautics
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TABLE I - SLIP-RING AND ERUSH MATERIALS TESTED DRY - Concluded

Slip-ring |Vickers | Brush material Performance
meterial hardness
number
Sllver plated Hard carbon Good; brush pressure of
95 1b/sq in. required
Monel metal 124 Silver graphitea Good; brush pressure of
95 1b/sq in. required
Monel metal 124 Copper graphiteb Good; brush pressure of
125 1b/sq in. required
Monel metal 124 Hard carbon Good; brush pressure of
225 1b/sq in. required
Inconel 181 8ilver graphite®|Good; brush pressure of
100 1b/sq in. required
Inconsal 181 ICopper graphiteb Good; brush pressure of
125 1b/sq 1n. required
Inccnel 181 Soft carbon Good; brush pressure of
200 1b/sq in. required
Stainless 135 Silver graphite® |Good; brush pressure of
steel 100 1b/eq in. required
Stainless 185 Copper p_,raphitob Poor; unstable operation
stesl and slight wear of slip
rings at 100 1b/eq in.
Stalnless Scf't carbon Poor; unstable operation
steel up to brush pressure of
250 1b/sq in.
Carbon steel, 602 Magnesium alloy [Poor; unstable operation
hardened and excesslve brusk wear
at brush pressure of
12 1b/sq 1n.

A1l silver-graphite brushes used ln these tests were 60-percent
gllver by volume.

ba1l copper-graphite brughes used in these tests were 50-percent
copper by volume.

Netional Advisory Coammittee
for Aeronautics
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TARIE II -~ SLIP-RING AND BRUSH MATERIALS TESTED IN OIL

[Gage strain-sensitivity factor, 2.15; gage current, 20-25 milli-
amperes; gage reslstance, 500 ohms; alternating stress at gage,

8300 1b/sq in.; slip-r

Wheatatone-bridge zircul

Lna gpeed, 2370 rpm; tests made with

. Slip~ring |Vickers | Brush material Performance
materieal hardness
number
Plate brass 116 Silver graphite®|Poor; slip rings worn ex-
cessively at brush pres-
sura of 185 1b/sq in.
Shim brass 150 Silver graphite®|Gouod; brush vressurv or

Silver plated

Silver nlated

S1lver pluted

Silver nlated

¥oncl metal

Inconsl

I 124

Silver gruphite®

Copper graph:lteb

Hard carbon

{Soft carbon

$
Silver graphitu

|
!
{
'Silvaz grephit-2
{

175 1b/sq in. required
Pocr; allp rings worn ex-
coaslvely at brush pros-
sure of 12 1b/sq In.
Poor; slin rings worn ux-
cesslively at brush pres-
sura of A0 1bfeq in.
Pocr; sBlip rings worn ex-
cegslvely at brusn -.rea-
aure of 60 1b/sqg 1in.
Pcor; siip rines worn ux-
i cemslvely at brush prec-
| sure of 6C 1b/sq in.
Poor; unstable up to brugh
prereure of 400 1b/sq in.
Pcor; unstable up to brush
| prossure of 400 1b/eq in.

2411 silver- ~zrappite brushes used in these testo were So-ﬁercant
silver by volume.
bai1 coppur-grephlite brushes used in these tests were 50-psrcent

coppsr hy

velunms,

Rat

ional. Advisory Committoe
for Avronautics
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Figure 2. - Circuit diagrams for testing slip rings and
brushes for use in dynamic-strain-measuring applications.
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Brush :
pressure, .
lb/sq in. 50 - |
& o }}
Surface speed, ft/min 393 - 61178 25583142 393 - 611'78 23583142 11'78 3142 ‘
Monel-metal slip Inconel slip rings Plate-brass slip
Slip-ring and ringsand silver- and silver-graphite|ringsand silver-
brush combination aphite brushes brushes (dry) %raphite brushes
F dry) (dry)
150 1
Brush
pressure ]
1b/sq in: 100
50 -
0
Surface speed, ft/mi 393 78611'78 3142)393 . 1178 3142| 1786 2358
Shim-brass slip Silver-plated sllp |[Shim=-brass slip
Slip-ring and brush|ringsand silver- rings and soft- ringsand silver-
combination raphite brushes carbon brushes graphite brushes
dry) (dry) (in SAE 60 oil)

Flgure 3. - Minimum brush pressures required for satisfactory performance of various slip-
ring and brush combinations in dynamic-straln-measuring applications. Gage strain-
sensitivity factor, 2.15; gage current, 35-40 milliamperes; gage resistance, 500 ohms;

alternating stress at gage, 12,000 pounds per square lnch; tests made with Wheatstone-
bridge circult.
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(a) Plate-brass slip rings and silver-graphite brushes.

Plgure 4., - Bffect of brush pressure on contact-resistance change for various slip-ring

and brush combinations tested dry.
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(b) Monel-metal slip rings and silver-graphite brushes.
Figure 4. - Continued. Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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Figure 4. - Continued. Effect of brush pressure on
slip-ring and brush combinations tested dry.
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(d) Shim~brass slip rings and silver-graphite brushes.

Figure 4. - Continued. Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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Figure 4. - Concluded. Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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